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Abstract

Background—Major depressive disorder (MDD) is characterized by dysfunction in cognitive
and emotional systems. However, the neural network correlates of cognitive control (cold
cognition) and emotion processing (hot cognition) during the remitted state of MDD (rMDD)
remain unclear and not fully probed, which has important implications for identifying intermediate
phenotypes of depression risk.

Methods—43 young adults with rMDD and 33 healthy controls (HCs) underwent fMRI while
completing separate tasks of cold cognition (Parametric Go/No-Go test) and hot cognition (Facial
Emotion Processing Test). Two 2 group (rMDD, HC) x 2 event (sad/fearful faces, correct
rejections) factorial models of activation were calculated in SPM8. Functional activation was
evaluated in the salience and emotional network (SEN) and the cognitive control network (CCN),
including hypothesized interaction between group and task within the CCN.

Results—Individuals with rMDD demonstrated greater spatial extent of suprathreshold activation
within the SEN during sad faces relative to HCs. There were several regions within the CCN in
which HCs showed greater activation than rMDD during correct rejections of lures, whereas
individuals with rMDD showed greater activation than HCs during sad or fearful faces.

Limitations—Results were not directly compared with active MDD.

Conclusions—These results provide evidence of deficient CCN engagement during cognitive
control in rMDD (dysfunctional cold cognition). Elevated SEN activation during sad faces could
represent heightened salience of negative emotional faces in rMDD; elevated CCN activation
during emotional faces in rMDD could represent compensatory regulatory control. These group
differences may represent vulnerability factors, scars of prior depressive episodes, or processes
maintaining wellness.

Correspondence concerning this article should be addressed to Scott A. Langenecker, Department of Psychiatry, University of Illinois
at Chicago, 1601 W Taylor St, m/c 912, Chicago, IL 60612; Phone: 312-996-0085; slangenecker@psych.uic.edu.
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Introduction

Major depressive disorder (MDD) often is conceptualized within a framework of emation
dysregulation (Aldao et al., 2010; Hofmann et al., 2012; Phillips et al., 2003; Gross and
Mufioz, 1995). Individuals with MDD often demonstrate an impaired ability to successfully
modulate emotional responses, resulting from abnormal interactions between emotional and
cognitive processes (Langenecker et al., 2014; Phillips et al., 2003; Robinson et al., 2016).
Two primary, synergistic hypotheses about dysfunctional emotion regulation in MDD have
been proposed. First, individuals with MDD may demonstrate excessive emotional reactivity
to affective stimuli, as evidenced by greater limbic activation than healthy controls during
emotion processing tasks (e.g., Sheline et al., 2001), often described as dysfunctional “hot
cognition” (Roiser and Sahakian, 2013). Second, individuals with MDD may have deficits in
the ability to recruit cognitive control, exhibiting decreased activation in relevant prefrontal
cortical regions (Gotlib et al., 2005) even when emotion regulation demands are not present
(“cold cognition™). Hot and cold cognition may have distinct but interactive roles in the
depression phenotype (Roiser and Sahakian, 2013), especially considering the adaptive
functions of these two processes. Determining the extent to which deficits in these functions
are present during the remitted state of MDD (rMDD) may facilitate the identification of
candidate intermediate phenotypes or risk markers for disease or recurrence (IPs; Meyer-
Lindenberg and Weinberger, 2006; Gottesman and Gould, 2003) of MDD.

Hot cognition involves affective stimuli that have survival implications, such as
identification of faces with fearful or sad emotional expressions that might indicate the need
for action. Hot cognition is considered a “bottom-up” process that originates subcortically in
limbic regions of the brain and subsequently directs prefrontal cortical resources toward
emotional processing that facilitates survival (Banich et al., 2009). One neural network
involved in detecting, integrating, and filtering relevant emotionally salient information
relevant to hot cognition is the salience and emotional network (SEN), which includes the
amygdala, anterior insula, and subgenual anterior cingulate (Menon, 2011; Seeley et al.,
2007). Individuals with active MDD show deficits in hot cognition, including poorer facial
emotion recognition than healthy individuals (Langenecker et al., 2005; Kohler et al., 2011),
perhaps due to a negative processing bias, and show greater SEN activation than controls
when presented with negative emotional stimuli (Briceno et al., 2013; Sheline et al., 2001;
Surguladze et al., 2005; Siegle et al., 2007; Fu et al., 2004, 2008a,b; Gotlib et al., 2005).
Most extant studies on hot cognition have involved individuals with active MDD (e.g., Etkin
and Schatzberg, 2011; Ladouceur et al., 2006), showing that these individuals have excessive
focus on negative information at the expense of positive information (Robinson et al., 2016).
Fewer studies have attempted to disentangle state versus trait factors by studying individuals
with rMDD; some evidence has suggested the presence of selective attention to sad faces in
rMDD in addition to active MDD (Joormann and Gotlib, 2007). These results support the
hypothesis that hot cognition deficits could reflect trait-like vulnerabilities underlying MDD.

In contrast with hot cognition, cold cognition refers to the exertion of cognitive control in
affectively neutral tasks (Roiser and Sahakian, 2013). Although non-affective itself, cold
cognition facilitates the effective implementation of emotion regulation strategies and the
inhibition of unhelpful forms of thought such as rumination (Langenecker et al., 2014;
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Joormann and Quinn, 2014; Joormann and Vanderlind, 2014; Ochsner, Silvers, and Buhle,
2012; Pe et al., 2013a; Malooly et al., 2013). Cold cognition is considered a top-down,
cortically-mediated process (Roiser and Sahakian, 2013). A cognitive control network
(CCN) has been identified and includes the dorsolateral prefrontal cortex (dIPFC), inferior
parietal lobule, and dorsal cingulate (Menon, 2011; Seeley et al., 2007; Yeo et al., 2011,
Derrfuss et al., 2005). The CCN subserves cold cognition and the control of negative affect
(Disner et al., 2011; Langenecker et al., 2014; Ochsner et al., 2012; Wang et al., 2016;
Cromheeke and Mueller, 2014; Seeley et al., 2007). CCN function is particularly relevant for
MDD. For example, our prior work has demonstrated poor integrity of the CCN in rMDD,
which was associated with behavioral phenotypes of depression risk (Stange et al., 2017).
Furthermore, the CCN is integral in the cognitive regulation of negative affect and in the
reduction of risk for depression (Disner et al., 2011; Banks et al., 2007; Johnstone et al.,
2007; Moses-Kolko et al., 2010; Versace et al., 2010; Banks et al., 2007; Perlman et al.,
2012). CCN measures, at the performance and imaging level, are also predictive of short-
and long-term treatment response (Crane et al., 2017; Dawson et al., 2017). Together, there
is evidence that deficits in cold cognition (and its CCN correlates) and the cognitive control
of emotion may persist into remission (Robinson et al., 2016), and thus may represent a
potential IP for MDD.

Previous studies have observed behavioral deficits in both hot and cold cognition in the same
individuals with active MDD (e.g., Langenecker et al., 2005). Some even have attempted to
study hot and cold cognition simultaneously within the same paradigm (e.g., “emotional”
versions of go/no-go, stroop, flanker, set-shifting, and n-back tasks; Cromheeke and Mueller,
2014; Etkin et al., 2015; Etkin and Schatzberg, 2011; Pe et al., 2013b; Bertocci et al., 2012;
Mitterschiffthaler et al., 2008; Joormann and Gotlib, 2008; Joormann et al., 2011; de
Lissnyder et al., 2010, 2012; Murphy et al., 2011; Malooly et al., 2013). This approach has
utility in determining whether cognition in MDD is impaired specifically in the context of
emotional stimuli (i.e., hot cognition), as several (e.g., Etkin and Schatzberg, 2011; Bertocci
et al., 2012; Mitterschiffthaler et al., 2008; Joormann and Gotlib, 2008; Joormann et al.,
2011) but not all (de Lissnyder et al., 2010, 2012; Murphy et al., 2011) studies have shown
in active MDD. However, because these tasks require a combination of hot and cold
cognition simultaneously, the specific neural processes engaged during these tasks may be
ambiguous, leaving interpretation of results unclear. Instead, perhaps the simplest method
for parsing the degree to which relevant networks are differentially engaged or disengaged
during hot and cold cognition in rMDD would be to evaluate patterns of activation across
tasks that separately assess each of these constructs. This approach may facilitate
conclusions about how deficits in these two systems may jointly contribute to current MDD
(Siegle et al., 2007) or IPs of MDD that would be detectable even in rMDD (e.g., Meyer-
Lindenberg and Weinberger, 2006; Gottesman and Gould, 2003).

We used a triple network-based approach (Menon, 2011) to evaluate the height and spatial
extent of SEN and CCN activity (e.g., Briceno et al., 2013) during separate tasks reflecting
hot and cold cognition. Spatial extent analysis is complementary to height analysis — both
degree (height) and extent convey important information about neural system engagement.
To evaluate possible trait-like IPs of MDD risk while avoiding effects of current symptoms,
we recruited a sample of young adult individuals with rMDD and healthy controls (HCs).
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We hypothesized (Table 1) that individuals with rMDD would demonstrate hyperactivation
of the SEN during hot cognition (Hypothesis 1), consistent with past findings among
individuals with active MDD. Given that individuals with MDD often experience emotional
activation in contexts in which such activation is inappropriate (Disner et al., 2011), we
hypothesized that individuals with rMDD also would show greater SEN activation than HCs
during cold cognition (Hypothesis 2). Based on prior work in active MDD showing
hyperactivation of prefrontal cortical regions during hot cognition (e.g., Johnstone et al.,
2007), we expected individuals with rMDD to show hyperactivation of the CCN during hot
cognition (Hypothesis 3). We hypothesized that relative to HCs, individuals with rMDD
would show deficiencies in CCN activity during cold cognition (Hypothesis 4).

Method

Participants

Participants were recruited using flyers and internet postings and were tested at the
University of Michigan (UM) and the University of Illinois at Chicago (UIC). The rMDD
group comprised 57 (13 UM, 30 UIC) individuals with a history of MDD who were in full
remission at the time of the study, as defined by DSM-IV-TR criteria. The HC group
comprised 33 individuals (10 UM, 23 UIC) who not meet current or past criteria for MDD
or any other Axis | psychiatric disorder. The proportion of individuals in each diagnostic
group did not differ by site, X2 = 0.08, p=.77. Participants were between 18 and 23 years of
age (63% Female). Participants were required to be medication free for 30 days prior to the
scan. Individuals with substance abuse or dependence within the past six months were
excluded. Participant demographics and clinical characteristics are presented in Table 2.

Procedures

Written informed consent was obtained according to the guidelines of the Institutional
Review Boards of UM and UIC and consistent with the Declaration of Helsinki. All
participants completed a battery of cognitive and diagnostic measures, followed by an MRI
scan. Participants completed practice trials of fMRI tasks prior to scanning and completed
the fMRI tasks again inside the scanner.

Measures

Cold cognition—The Parametric Go/No-Go (PGNG) task provided a measure of
behavioral and neural cognitive control. This task (described in detail in Supplemental
Methods and elsewhere; Langenecker et al., 2007a,b; Votruba and Langenecker, 2013) was
administered to all participants early in the scan session to eliminate effects of fatigue and to
assess sustained inhibitory control (Langenecker et al., 2010). Neural activation was
evaluated during correct rejection trials.

Hot cognition—The Facial Emotion Perception Test (FEPT) provided a measure of
emotion perception and processing. In the FEPT (see Supplemental Methods; Rapport et al.,
2002; Langenecker et al., 2005, 2007), participants view rapidly presented sad and fearful
faces (given the relevance of sadness and fear to MDD, as discussed above) and must
categorize them by emotion. The FEPT was presented after the PGNG task to avoid carry-
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over effects of emotion on cold cognition. Neural activation was evaluated during correct
trials for identification of sad and fearful stimuli.

fMRI acquisition and processing—Whole-brain imaging was performed at two sites,
each using a 3T GE scanner. These details are included in the Supplementary Materials.
SPMB8 (http://www.fil.ion.ucl.ac.uk/spm/), AFNI (http://afni.nimh.nih.gov/afni/) and FSL
(http://fsl.fmrib.ox.ac.uk/fsl/fslwiki/) were used to preprocess fMRI data.

Defining the CCN and SEN—To define the masks for the CCN and SEN, we selected
key networks identify by Yeo et al. (2011). From Yeo et al.’s seven-network parcellation, the
CCN was created by combining the dorsal attention and frontoparietal network masks, and
the SEN was created by combining ventral attention and limbic networks. Our definition of
networks was consistent with prior work (Seeley et al., 2007; Menon, 2011; Stange et al.,
2017).

Statistical Analyses—For behavioral performance analyses, a 2 group (rMDD, HC) x 3
condition (rejections, sad faces, fearful faces) repeated measures ANCOVA was calculated
for accuracy (percent correct inhibition on PGNG, percent correct for sad and fearful faces
on FEPT), with diagnostic group as the independent variable, and sex and site as covariates.
To evaluate the four hypotheses about neural activation, we integrated these conditions into
combined models to evaluate group differences in activation across tasks and networks. This
approach that has been suggested by prior work that has used affective versions of cold
cognitive tasks (e.g., Siegle et al., 2007; Fitzgerald et al., 2008; Cromheeke and Mueller,
2014; Etkin et al., 2015; Etkin and Schatzberg, 2011; Pe et al., 2013b; Bertocci et al., 2012;
Mitterschiffthaler et al., 2008; Joormann and Gotlib, 2008; Joormann et al., 2011; de
Lissnyder et al., 2010, 2012; Murphy et al., 2011; Malooly et al., 2013) but to our
knowledge has not been directly tested, particularly in rMDD where it can satisfy one of the
criteria for IPs (state independence; Meyer-Lindenberg and Weinberger, 2006; Gottesman
and Gould, 2003).

Two diagnostic group x condition factorial models were built in SPM8. In the first model,
group served as one factor and condition (rejections and sad faces) served as the other factor.
In the second model, group served as one factor and condition (rejections and fearful faces)
served as the other factor. Sex, imaging site (UM/UIC), and head motion (X, y and z
translation; which did not differ between groups for PGNG [¢=-0.76, p= .45] or FEPT [¢=
-0.30, p=.77]) were included as covariates. The threshold of significance reported for the
fMRI analyses was p < 0.005 and & =57 (3dClustsim with whole brain corrected p value of .
01 per analysis). The use of whole brain correction thresholds despite focused hypotheses
that utilized of only a subset of voxels (i.e., CCN and SEN masks, for clarity in
interpretation) represents a conservative approach. Analyses used a gray matter mask, and
were repeated with the CCN and SEN masks for interpreting regions of activation. The main
effect of group contrast was interpreted with the SEN mask to evaluate Hypotheses 1 and 2
(rMDD > HC across hot and cold cognition conditions). To evaluate Hypotheses 3 and 4
(rMDD > HC during hot cognition, but rMDD < HC during cold cognition), the group x
condition interaction contrasts were interpreted within the CCN mask.
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In addition to the primary analysis of the height of regions of network activation, as a
secondary analysis we evaluated the spatial extent of activation within each network mask
by group and condition. This involved summing the number of voxels active for each person
using a more lenient threshold of p< .05 and &= 15 for each event type, network, and
individual, to allow for optimal variability. Group differences in the number of activated
voxels per network, per event type, per person were evaluated with independent samples #
tests and effect sizes, given that comparing groups across large networks is likely to obscure
specific regions that differ between groups.

Although not a hypothesis for the study, we did test performance effects. For behavioral
performance (accuracy), the 2 group x 3 condition ANCOVA was not significant for main
effect of condition (A1, 70) = 0.01, p= .60, 5> < .01), group (A1, 70) = 0.11, p= .74, n;?
<.01), or condition x group interaction (A1, 70) = 1.92, p= .17, npz =.03).

Primary Analyses: Height Extent of Group Differences in Network Activation

Given the hypotheses outlined in the introduction, we anticipated a main effect of group on
activation within the SEN, with rMDD demonstrating greater activation than HCs across
both conditions. We also anticipated a group-by-condition interaction for activation within
the CCN, such that HCs would show activation of the CCN during rejections and relative
deactivation while interpreting emotional faces, whereas rMDD would show lack of CCN
activation during rejections and excessive CCN activation while interpreting faces.

We observed a main effect of group for the CCN (Figure 1), such that HCs demonstrated
greater activation than individuals with rMDD in the left middle frontal gyrus across both
conditions. However, there was no main effect of group in the SEN.

The hypothesized group x event interaction contrasts yielded several regions of group
differences within the CCN (Table 3; Figure 2). In the sadness and rejections model,
significant interactions between group and event type were associated with several regions
within the CCN mask, including the middle and inferior frontal gyri, medial and inferior
parietal lobule (IPL), precuneus, middle and inferior temporal gyri, and fusiform gyrus. The
activation height values were extracted from these clusters of significant interaction using
Marsbar to illustrate and quantify the nature of group interactions in these regions within the
CCN (Figure 2C). During rejections, HCs demonstrated greater activation in these CCN
regions than individuals with rMDD, who showed deactivation (¢= —0.77). Also as
hypothesized, while identifying sad faces, individuals with rMDD showed greater activation
in these CCN regions than HCs (&= 0.80). In addition to the CCN, significant interactions
between group and event type were associated with several regions within the SEN mask,
including middle, inferior, and superior temporal gyri. Several of these regions were
spatially proximal (i.e., contiguous) to regions of the CCN that showed a similar pattern,
particularly in bilateral IPL.

In the fear and rejections model (Figure 2), two CCN regions were identified by the
hypothesized group x condition interaction in bilateral IPL, such that during rejections, HCs
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demonstrated greater CCN activation in these bilateral IPL regions than individuals with
rMDD (d= 0.65); in contrast, while interpreting fearful faces, HCs experienced greater
deactivation in these regions relative to individuals with rMDD (o= 0.65; Figure 2D).
Several regions within the SEN mask also were identified with the group x condition
interaction contrast, including the supramarginal and middle temporal gyri. Similar to the
sadness and rejections model, these regions were spatially contiguous to bilateral IPL
regions of the CCN that showed a similar pattern.

Secondary Analyses: Spatial Extent of Group Differences in Network Activation

While interpreting sad faces, individuals with rMDD demonstrated greater spatial extent of
suprathreshold activation within the SEN than HCs (¢= 2.01, p< .05, d= 0.45; Figure 3).
While interpreting fearful faces, individuals with rMDD did not demonstrate significantly
greater spatial extent of activation in the SEN compared to HCs (£=0.94, p= .35, d=0.21).
There were no group differences in spatial extent of SEN activation during rejections (¢=
-0.03, p=.98, d=0.14). For general comparison, suprathreshold activation within the SEN
while interpreting sad faces is displayed for each group in Figure 4 (panels A and B), p<.
005, k> 57 whole brain corrected threshold (panels A and B).

There were no significant group differences in spatial extent of activation within the CCN
while interpreting sad faces (£=0.79, p= .43, d=0.19), fearful faces (¢=0.74, p= .46, d=
0.19), or rejections (¢=-0.60, p= .55, d=0.01). For general comparison of groups,
activation within the CCN while interpreting sad faces is displayed for each group in Figure
4 (panels C and D).

Discussion

We examined factorial models of hot and cold cognition using a network-based approach,
with the goal of taking a step toward identifying IPs of dysfunctional cognitive and
emotional systems in depression. In studying individuals in the remitted state of MDD, we
hoped to illuminate trait-like characteristics rather than effects of current illness. We
identified several regions within the CCN in which individuals with rMDD showed
differential patterns of network activation, including over-activity in both the SEN and CCN
during hot cognition (supporting Hypotheses 1 and 3), and under-activity in the CCN
during cold cognition (supporting Hypothesis 4). Surprisingly, we did not observe the
hypothesized over-activity of the SEN during cold cognition in rMDD (failing to support
Hypothesis 2). Individuals with rMDD also had greater spatial activation of the SEN than
HCs in response to sad faces (supporting Hypothesis 1).

Although there were no group differences in behavioral performance on hot and cold
cognition tasks, individuals with rMDD showed attenuated activation within the CCN (e.g.,
in bilateral middle frontal gyrus and IPL) during cold cognition, consistent with prior work
in active MDD (Roiser and Sahakian, 2013; Langenecker et al., 2014; Phillips et al., 2003).
However, individuals with rMDD recruited similar CCN regions during hot cognition (while
viewing sad faces) as HCs recruited during cold cognition, perhaps to facilitate emotion
regulation or to overcome emotional reactivity in response to sad faces (e.g., Kudinova et al.,
2016; Phan et al., 2005). Together, this suggests that individuals with rMDD demonstrate an

J Affect Disord. Author manuscript; available in PMC 2019 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Stange et al.

Page 8

atypical pattern of activation during hot and cold cognition in rMDD. The finding that
individuals with rMDD did not recruit the CCN in a context in which it is expected to be
helpful (go/no-go) may suggest a deficiency within cognitive control circuitry. This could be
problematic when difficult emotional contexts arise that require CCN activation, such as
when attempting to down-regulate negative affect, or when trying to inhibit excessive focus
on negative experiences (e.g., rumination) (Langenecker et al., 2014; Phan et al., 2005;
Phillips et al., 2003).

Prior work has demonstrated that individuals with active MDD show hypersensitivity to
emotional stimuli such as negative social signals (Gur et al., 1992; Surguladze et al., 2004;
Etkin and Schatzberg, 2011; Ladouceur et al., 2006). Most extant studies on hot cognition
have involved individuals with active MDD, showing that individuals with MDD have
excessive focus on negative information at the expense of positive information (Robinson et
al., 2016). This has included SEN hyperactivity during negative autobiographical recall
(YYoung et al., 2016), as well as behavioral biases toward negative stimuli in an emotional
Stroop task with faces (Strand et al., 2013) and recognition memaory for emotional faces
(Mikhailova et al., 1996). Such group differences have been shown to be particularly
pronounced when processing sad faces (Gotlib et al., 2004; Joormann and Gotlib, 2007;
Gibb et al., 2016; Victor et al., 2010) and fearful faces (Ohman, 2002; Monk et al., 2008),
which may be interpreted as especially personally relevant and most likely to elicit a need
for regulation. Thus, in the present study of individuals with MDD in remission, the elevated
activation observed in the SEN during hot cognition, particularly when processing sad faces,
could indicate elevated salience of (or emotional reactivity toward) negative affective
stimuli. Although we are not able to disentangle directionality in the present study,
individuals with rMDD who experience excessive SEN activation also may require
additional compensatory recruitment of CCN regions (e.g., to inhibit excessive processing of
salient stimuli, focusing attention instead on performing the task) to attain performance
similar to HCs.

Given that the results from the rMDD sample in the present study parallel those in prior
studies of active MDD, the group differences detected here may represent a step toward
identifying trait-like IPs that are consistent across phases of illness. The effects observed in
the rMDD group might confer vulnerability for depressive relapse, or alternatively, could
represent neural scars of past episodes (Rohde et al., 1990). Conversely, recruitment of CCN
regions during hot cognition could represent a mechanism of remission maintenance, and
hence could be adaptive. For instance, recruiting CCN regions could help individuals to
effectively down-regulate excessive negative affect that might be elicited by negative
affective stimuli. However, longitudinal studies are necessary in order to determine the
stability of these effects across phases of illness and to disentangle these possible alternative
explanations.

Strengths and Limitations

A major strength of our study lies in the design. Specifically, we are one of the first to
investigate neural network correlates of hot and cold cognition in individuals with rMDD.
The study used a narrow, young age range to capture individuals early in the course of
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depressive illness to minimize the potential accumulation of scarring effects of recurrent
episodes. The study also evaluated individuals at a point when developmental variability and
age degeneration effects were minimized. However, limitations and directions for future
research should be noted. First, we did not directly compare individuals with rMDD to those
with active MDD, so it is not possible to determine with certainty whether or how network
activation might change during active illness. Second, although the FEPT and PGNG tasks
were designed to elicit network-specific activation (i.e., SEN and CCN, respectively), both
tasks engaged a significant spatial extent of voxels within the “unintended” network, even
amongst healthy controls. We note that these networks identified as “intrinsic” via resting
state analyses, are not so simplistic as to have an “off or on” characterization. Third, the
FEPT was always administered after the PGNG, to avoid emotional contamination of the
PGNG. Unfortunately, this could result in network/task order effects due to fatigue. Future
studies of rMDD could complement these results by using an interactive, explicit emotion
regulation task that would directly require engaging cognitive control over negative affective
material (e.g., Phan et al., 2005; Wager et al., 2008), which could provide additional
information about individual differences in trait-like cognitive vulnerability factors,
particularly in a dynamic context. In addition, future work should evaluate these processes in
at-risk individuals prior to the onset of illness to better distinguish vulnerability markers
(e.g., Stange et al., 2016) from scar effects.

In conclusion, the present results suggest that individuals with a history of depression may
be characterized by over-activity in both the SEN and CCN during hot cognition, and under-
activity in the CCN during cold cognition. Exploring how networks underlying cognition,
emotion, and their interactions go awry in depression will improve our mechanistic
understanding of the pathophysiology of depression and facilitate the identification of IPs.
Understanding individual differences in these processes, and the change in relation to state
changes of illness, could be used to identify targets for behavioral or pharmacological
treatments, thereby reducing vulnerability to relapse.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fearful Faces / Rejections Model Activation in CCN
Sad Faces / Rejections Model Activation in CCN
Model Overlap in CCN

Figurel.
Spatial map of main effect of group within the cognitive control network (CCN) for factorial

models of fearful faces and rejections, and sad faces and rejections (Panel A: sagittal view;
Panel B: axial view).
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Figure2.
Axial views of group x condition interactions within the cognitive control network (CCN)

and the salience and emotional network (SEN) in models of sad faces and rejections (panel
A), and fearful faces and rejections (panel B), along with bar graphs representing degree of
activation in these CCN regions by group and condition in sad faces and rejections model
(panel C), and fearful faces and rejections model (panel D).
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salience and emotional network (SEN) in healthy control individuals (HC) and individuals
with remitted major depressive disorder (rMDD) during sad faces, fearful faces, and correct

rejection trials.
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Healthy Controls (HC)
Remitted MDD (rMDD)
HC and rMDD Overlap

Figure 4.
Spatial map of activation within salience and emotional network (panels A, B) and cognitive

control network (panels C, D) in healthy control individuals (HC) and individuals with
remitted major depressive disorder (rMDD) during sad faces.
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Table 1

Hypotheses about group differences in activation within SEN and CCN during hot and cold cognition tasks.

SEN CCN
Hot Cognition rMDD >HC rMDD > HC
(Sad or Fearful Faces) (Hyp. 1) (Hyp. 3)
Cold Cognition rMDD >HC rMDD <HC
(Go/No-Go Correct Rejections)  (Hyp. 2) (Hyp. 4)
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Table 2

Demographic comparisons between groups.

HC (n=33)

rMDD (n = 43)

M (SD) /N (%)

M (SD) / N (%)

Female
Age

Race

African American/Black

Asian or Indian
Caucasian/White
Latino(a)
Middle Eastern
More than One Race
Hispanic
HDRS ™

Age at onset

Number of depressive episodes

Education

Estimated Verbal 1Q

58%
21.15 (1.58)

1 (3%)

7 (21%)

24 (73%)

1 (3%)

0 (0%)

0 (0%)

3 (9%)

0.33 (0.89)
WES

n/a

14.85 (1.28)
106.61 (9.08)

65%
21.40 (1.50)

3 (7%)

5 (12%)

30 (70%)

2 (5%)

1 (2%)

2 (5%)

5 (12%)
251 (4.81)
16.33 (3.43)
1.88 (1.25)
14.60 (1.40)
106.27 (9.64)

*
p<.05.

Note. HC, Healthy control; rMDD, remitted major depressive disorder; HDRS, Hamilton Rating Scale for Depression.
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